By use of the staphylolytic enzyme lysostaphin, a method was devised for isolating and purifying highly polymerized deoxyribonucleic acid (DNA) 
The isolation and purification ofhighly polymerized deoxyribonucleic acid (DNA) from members of the family Micrococcaceae is complicated by the difficulty of liberating the nucleic acids from the cells of some of these organisms without subjecting them to shearing stresses. Blobel (5) , by use of phenol extraction, and Marmur (12) , by use of sodium lauryl sulfate, extracted highly polymerized DNA (with molecular weights ranging from 8 to 12.8 x 106) from S. aureus. Silvestri and Hill (19) used lysozyme (on strains of Micrococcaceae susceptible to this enzyme) and penicillin to induce osmotically fragile spheroplasts in other strains. Neither these investigators nor Auletta and Kennedy (1), who disrupted their micrococcal cells with glass beads, reported the molecular weights of their purified DNA samples. Both Silvestri and Hill and Auletta and Kennedy were primarily interested in the taxonomic significance of the GC (guanine + cytosine/total bases) values of the DNA from strains of Micrococcaceae. They obtained these GC values by the thermal denaturation (T,,) method of Marmur and Doty (13) .
The discovery and characterization of the staphylolytic enzyme, lysostaphin, by Schindler and Schuhardt (17,  18 ) provided a mild and rapid method for liberating the nucleic acids and other cytoplasmic contents from lysostaphin-susceptible Micrococcaceae. After testing many hundreds of species and strains of Micrococcaceae and other families of bacteria, the lytic activity of lysostaphin proved to be specific for members of the genus Staphylococcus. Our method for isolating the highly polymerized staphylococcal DNA was designed to make use weight) were suspended in a total volume of 20 ml of TSC in a large beaker containing a magnetic stirring bar, and the cells were lysed by incubation with lysostaphin at a final concentration of S units/ml for 30 to 60 min at 37 C. Bacteria which were not susceptible to this enzyme nor to lysozyme (Staphylococcus K-6-WI and Sarcina lutea) were disrupted by mechanical grinding with alumina at 4 C. Micrococcus varians and Micrococcus lysodeikticus were lysed by digesting the washed cells with 10 mg of crystalline lysozyme for 60 to 90 min at 37 C.
The lysates were gently stirred with sodium lauryl sulfate (2%) for 2 hr at 4 C. NaCl was added to a final concentration of 2 M, and, after 15 min, 1.5 volumes of 0.015 M TSC were added. After another 15 min, the residual cellular debris was removed by centrifugation at 4 C, and the viscous supernatant fluid was decanted into a second beaker. The nucleic acids were precipitated by gradually adding 1.5 volumes of 95%O ethyl alcohol to the gently swirling fluid. This resulted in a gelled mass of nucleic acids from which the supernatant ethyl alcohol and the soluble extractives were withdrawn by suction, thereby avoiding the necessity of winding the nucleic acids on a glass rod for recovery.
The precipitated nucleic acids were redissolved in a small amount of SSC (0.15 M NaCI plus 0.015 M trisodium citrate, pH 7.0). The ribonucleic acid (RNA) was digested by treatment with 50 ,g/ml of ribonuclease for 30 min at 37 C. Protein was digested by treatment with 100 PUK units/ml of Pronase twice in 24 hr at 37 C. After RNA and protein digestion, the DNA was precipitated by use of 1.5 volumes of 95% ethyl alcohol in the manner described above. The precipitated DNA was washed with acetone until the wash was clear.
The DNA was redissolved in a small amount of SSC and was reprecipitated by the dropwise addition of 0.54 volumes of isopropanol into the gently swirling solution. The supernatant fluid was discarded, and the DNA was dissolved in 5 to 10 ml of SSC. The DNA solution was centrifuged, if necessary, to remove insoluble material and was stored at 4 C. 
RESULTS
Yield and relative purity of DNA. The average yield of DNA obtained from 12 GC base ratio. A representative tracing of UV absorption bands of two S. aureus BP9 DNA preparations in CsCl is shown in Fig. 2 . The S. aureus BP9 DNA liberated by mechanical grinding (solid 1.694 line) was compared to S. aureus BP9 DNA released by lysostaphin (broken 1.694 line). B. subtilis SP8 phage DNA was included as the reference DNA (density, 1.742 g/cm3). Although both S. aureus DNA preparations gave the same density (1.694 g/cm3), the broader base of the mechanically liberated DNA indicated some degree of shearing degradation when compared with the base width of the DNA liberated by lysostaphin.
The GC base ratios for the 21 strains of aerobic Micrococcaceae are listed in judged to be atypical because they did not produce acid from glucose in the anaerobic depths of the Hugh and Leifson (8) Wechman and Catlin (20) found higher deoxyribonuclease production in staphylococci grown in Brain Heart Infusion broth than in staphylococci grown in TSB, and the optimal pH for deoxyribonuclease activity was 8.0. In view of these factors, we chose to grow our cultures in TSB and to adjust our chelating SSC solution to pH 7.0. The inclusion of sodium lauryl sulfate in the purification procedure was recommended by Kay et al. (10) and Jordan (9) . We also noted that the common practice of collecting precipitated DNA on a glass rod resulted in a loss of solubility of the DNA in SSC. Consequently, we chose to precipitate the DNA in a beaker, the contents of which were gently swirled during the addition of the precipitant. This resulted in a gelled mass of DNA from which the alcoholic supernatant fluids could be removed by suction and which dissolved rapidly upon addition of SSC.
The residual protein content (2.3%) of our micrococcal DNA was comparable to that reported by Berns and Thomas (4), who used both Pronase and phenol to deproteinize their Haemophilus influenzae DNA. Massie and Zimm (14, 15) reported that they were able to remove all traces of protein from their Escherichia coli and B. subtilis DNA by phenol extraction after Pronase digestion.
The molecular weight of the staphylococcal DNA used in our experiments (ca. 2 x 108) appeared to be significantly higher than the molecular weight (8 to 12 X 106) previously reported for these organisms (5, 12) . In addition, in our experiments, the UV absorption curve of DNA liberated from S. aureus by the lysostaphin method (Fig. 2) showed a more homogeneous preparation than the DNA liberated by grinding the same cells with alumina. Therefore, we believe that our methods of liberation, precipitation, and recovery of DNA from staphylococci produce less shearing degradation than is obtained by other methods. We realize that highly polymerized DNA is not required for GC base ratio determinations, but, as stated above, our staphylococcal DNA was originally isolated for other purposes.
Both Silvestri and Hill (19) Our results confirm Auletta and Kennedy's finding (1) that there is no single biochemical taxonometric characteristic which will differentiate members of the genera Staphylococcus and Micrococcus. In fact, we are convinced that there is no multiple biochemical group of characteristics, short of including GC base ratios, which will differentiate these genera. Strain susceptibility to lysostaphin is the closest approximation of a single characteristic which we found to be useful in this differentiation. Had it not been for lysostaphin susceptibility, we would have had no reason to suspect that our M. candicans was not a legitimate member of the genus Micrococcus. In addition, our strains of M. violagabriellae and M. varians adapted to the production of acid from glucose in the anaerobic base of the test medium. The former, with a GC value of 34.7, was susceptible to lysostaphin, whereas the latter, with a GC value of 72.4, was not susceptible. Thus, the simple rapid test for lysostaphin susceptibility seems to correlate, in all but one instance, with the much more complicated GC base composition test for differentiating these two genera. The one exception we found, Staphylococcus K-6-WI, is the organism which produces lysostaphin. It is conceivable that other lysostaphin-resistant strains of the genus Staphylococcus may be found to complicate the taxonomic significance of lysostaphin, but none has been discovered thus far.
